1. Introduction {#s0005}
===============

Grasses serve as a significant source of fodder in arid environments due to their palatable and nutritive value ([@b0110], [@b0170]). The environmental conditions experienced by plants during seed development and maturation have been reported to affect seed germination and dormancy ([@b0030], [@b0095]). Maternal processes supply the seed with nutrients, hormones and proteins which influence the metabolism of seeds during its development and these processes are strongly regulated by various environmental factors such as temperature, photoperiod, water availability and nutrient supply ([@b0080], [@b0100], [@b0030]). Temperature, rainfall and day length are the main factors that affect maternal plants during the growing season ([@b0010], [@b0085]). Temperature during seed development and maturation has been reported to affect seed germination ([@b0055], [@b0135], [@b0225], [@b0035]). Moreover, seeds that develop with a low water supply have been reported to be less dormant ([@b0185], [@b0165]). Day length experienced by maternal plants also affects germination responses ([@b0060]). Therefore, seeds from the same plant species but maturating at different seasons can exhibit differences in germination and dormancy responses ([@b0065]). Moreover, environmental conditions can affect chemical composition and seed provisioning (*e.g.,* mineral and phytohormone resources) throughout the growing season and therefore influence the germination ([@b0010], [@b0090]). Previous studies have reported that seeds which develop at a higher temperature or with shorter days are mostly less dormant ([@b0080], [@b0100], [@b0030]).

All desert grasses studied here (*Chloris virgata*, *Coelachyrum brevifolium* and *Cenchrus ciliaris*) have a C4 photosynthetic pathway, which make them drought resistant and therefore they are able to grow in desert condition ([@b0240]). The use of native forage species will enhance the possibility of fodder production in a more sustainable manner with a low cost. These species have been successfully used as a fodder in Pakistan, India and Arab countries ([@b0155], [@b0215], [@b0050]). Besides used as a fodder, these species could also be used to enhance the rangeland productivity through restoration or rehabilitation of degraded desert rangelands and control the soil erosion ([@b0220], [@b0205]). *C. virgata*, *C. brevifolium* and *C. ciliaris* bloom twice a year from April to May (summer) and September to October (winter) under the nursery conditions. Therefore, it is important to understand, how seeds produced in different seasons affect the dormancy as well as germination of these grass species, which could enable us to make predictions about dormancy loss, select for reduced dormancy in the field and storage of seeds more successfully. We hypothesized that seed germination and dormancy can be affected by the parental environment during different seasons. Therefore, we articulate that the parental environment in which seeds develop (two different seasons) will determine differences in dormancy and germination statuses of these species. To test these hypotheses, we examined (i) do seeds differ in germination depending on when they are produced during the year? (ii) are there any light and temperature mediated mechanisms affecting germination under laboratory condition?

2. Materials and methods {#s0010}
========================

2.1. Seed collection and seed storage {#s0015}
-------------------------------------

Mature seeds of all three species were collected from the plants growing at Shahniya nursery (Doha, Qatar). They were collected in May and October 2014 (referred to as old and new seeds, respectively). The seeds collected in May were cleaned and stored for four months at room temperature (20 ± 2 °C). However seeds collected in October were cleaned and immediately used for experiments. Three replicates of 50 seeds each were used to determine the seed fresh weight for both new and old seeds.

2.2. Seed germination assessment {#s0020}
--------------------------------

To assess the effects of temperature, light and their interaction on seed matured during different seasons, germination tests were conducted in incubators set at different temperatures 15/25, 20/30 and 25/35 °C in 12 h dark/12 h light cycle. Lower temperatures correspond to the dark period, while higher temperatures the light period. The germination was conducted in 9-cm tight-fitting Petri-dishes containing one disk of Whatman No. 1 filter paper, moistened with 10 ml of distilled water. Four replicates of 25 seeds each were used for each treatment. For 22 days, the number of germinated seeds were counted and removed every alternate day. Seeds were considered to have germinated upon emergence of radicle. The experiment was stopped after 22 days because no new germination occurred for a consecutive five day period. These data were processed by GerminaQuant version 1.0 ([@b0175]) to determine the germinability, mean germination time (t), speed index (SI), germination synchrony (Z), and uncertainty (U), as described by [@b0190].

3. Results {#s0025}
==========

The average mass of old seeds of *C. vergata* was lower (6.3 ± 0.5 mg) compared to new seeds (8.3 ± 1.1 mg). Similar trends were observed for *C. brevifolium* (12 ± 1 mg for old and 15 ± 1 mg for new seeds) and *C. ciliaris* (42.6 ± 4.9 mg for old and 45.6 ± 4.1 mg for new seeds).

The seeds of *C. vergata* did not show any significant difference in germination percentage between all evaluated temperatures independent of age. Moreover, regardless of the temperature regime, the old *C. vergata* seeds showed a significantly higher germination rate when compared to new seeds. The major difference in germination rate in this species was shown between new (\<20%) and old (100%) seeds at higher a temperature (25/35 °C). Similarly, *C. brevifolium* seeds also did not show any significant difference in germination percentage between different evaluated temperatures. However, there was a significant variation in germination percentage between new and old seeds in all incubated temperatures. The new seeds showed maximum germination at moderate temperature (38%) which was significantly higher than the old seeds (24%). Seeds of *C. ciliaris* did not show any significant variation in their germination response at moderate and high temperatures in both age seeds. However, new seeds incubated in 15/25 °C germinated 49% more than the old seeds at the same temperature ([Fig. 1](#f0005){ref-type="fig"}).Figure 1Germinability (%) of *C. virgata, C. brevifolium* and *C. ciliaris* at different temperatures. The values represent the media (±SE) of four replicates of 25 seeds each. Different capital letters denote significant differences between means for each parameters within each age, and different small letters denote significant differences for each parameter between means within each temperature (*p* ⩽ 0.05, Newman--Keuls' test).

Seeds of *C. vergata* required significantly a lower germination time at higher and moderate temperatures compared to lower temperature in both new and old seeds. While for new seeds the highest MGT was recorded at a lower temperature, there were no significant difference in MGT for new and old seeds at a higher temperature ([Fig. 2](#f0010){ref-type="fig"}). Similar trends were obtained for *C. brevifolium*, where the highest time taken by the seeds (both new and old seeds) incubated at a lower temperature; although the differences for new and old seeds at moderate and higher temperatures were non-significant. *C. ciliaris* seeds took relatively less time for germination compared to the other two species. Both new and old seeds take a longer time to germinate at a lower temperature. However, the lowest MGT was recorded for summer seeds that were incubated at a higher temperature (25/35 °C) ([Fig. 2](#f0010){ref-type="fig"}).Figure 2Mean germination time (MGT) of *C. virgata, C. brevifolium* and *C. ciliaris* at different temperatures. For more details of the treatments and statistical analysis, see [Fig. 1](#f0005){ref-type="fig"}.

Overall, synchrony increased with the incubation temperature and few or no significant differences were verified between old and new seeds ([Fig. 3](#f0015){ref-type="fig"}). In other way, the uncertainty was inversely influenced by the temperature increase ([Fig. 4](#f0020){ref-type="fig"}). Additionally, only seeds incubated in higher temperatures showed significant differences between new and old seeds.Figure 3Germination synchrony of *C. virgata, C. brevifolium* and *C. ciliaris* at different temperatures. For more details of the treatments and statistical analysis, see [Fig. 1](#f0005){ref-type="fig"}.Figure 4Uncertainty of *C. virgata, C. brevifolium* and *C. ciliaris* at different temperatures. For more details of the treatments and statistical analysis, see [Fig. 1](#f0005){ref-type="fig"}.

4. Discussion {#s0030}
=============

In this study we show that the seeds collected in summer season (old seeds) are heavier in all the studied species compared to seeds collected in winter season (new seeds). Seeds matured during different season have been reported to be responsible for variation in seed mass due to variation in environmental conditions ([@b0245]). Therefore in the present study, temporal variability in seed weight variation could be explained by the variation in climatic conditions during seed maturation. Similar results were obtained for *Halopyrum mucronatum* where summer seeds are heavier as compared to winter seeds ([@b0200]). Seed weight significantly affects the germination characteristics. By the way, heavier (old) seeds germinated better and synchronously and show lower MGT and uncertainty. Seed germination, survival and seedling growth in numerous species and poor performance of lighter seeds has been related to their lower endosperm content ([@b0115]). In the present study, this hypothesis can be applied to *C. virgata*, whereby in older seeds (summer) germinability was better than new and lighter seeds. However, in case of *C. brevifolium* and *C. ciliaris* lighter (new) seeds germinated better. We assumed that heavier seeds of these two species might be devoted for constituting soil seed bank whereas lighter seeds likely to be more widely dispersed and have a potential to rapidly colonize. Besides that, seeds produced during winter have an advantage because the chances of rainfall are high during this season ([@b0020]). This fact might have ecological implication on seed germination particularly in a desert climate which favors germination in winter (November--February) and the chances of their seedling survival will be high during that time.

Winter seeds of *C. virgata* seem to be dormant, while summer seeds do not have any innate dormancy and they germinated well in all the tested temperature regimes. A confirmation of this is given by the lower MGT and greater synchrony of these seeds in all the evaluated temperatures. Winter seeds of *C. ciliaris* are non-dormant, *C. brevifolium* seeds seem to have dormancy for both new and old collections with a slightly higher dormancy for old seeds. These findings are similar to those of [@b0050], who reported that *C. brevifolium* seeds have a high level of innate dormancy*.* This variation in dormancy pattern could be related to variation in temperature, light, photoperiod, water and nutrients that determine the degree of seed dormancy and seed performance during germination ([@b0120], [@b0030], [@b0015]). Therefore, it is reasonable to assume that variations between seeds collected during different seasons are not an expression of different ecotypes, since seeds of all these species were collected within a restricted area without any variation in local climate.

Germination percentage, MGT and germination requirement of these species differ significantly between different seasons of seed collection (new and old). New seeds (*C. brevifolium* and *C. ciliaris*) showed better germination. The seeds that matured in October (new seeds), have a good chance for seedling establishment because the temperature will be lower during that time and chances of rainfall will be higher. However, the old seeds that matured in May (summer), might enter the soil seed bank, since existing environmental conditions at the time of seed dispersal are not favorable for germination and seedling survival ([@b0075]). The seeds of these species that matured in winter, faced more severe temperatures during seed formation and maturation (monthly average temperature between June to October 33.4 °C) as compared to seeds that matured in May (monthly average temperature between January to May 24.04 °C -- [@b0130]). Generally, seeds that develop and mature at warmer temperatures are less dormant at maturity than those that develop at cooler temperatures ([@b0040], [@b0145], [@b0150], [@b0125]). Higher temperatures during seed development have been reported to increase seed germination in many species ([@b0045], [@b0160]). [@b0145] reported that low temperatures during seed development increased abscisic acid (ABA) content and reduced gibberellic acid (GA) levels, which can act together to decrease the levels of mRNA for α-amylases and hydrolytic enzymes, strongly decreasing the future seed germination rates ([@b0005], [@b0195]).

This variation in germination could ensure that only a portion of the seed will germinate at one time even under the optimal condition and help their survival in desert condition where there is spatial and temporal unpredictability in rainfall ([@b0105]). This indicates that these seeds will have a higher chance of survival over the season because there are high chances of rainfall during winter in a desert area ([@b0020]). However, in summer there is no chance of rain and if the seed germinated during that time they won't be able to survive due to extreme temperature and they might entered the soil seed bank. This is supported by the high synchrony on seed germination in seeds incubated at high temperatures and water availability. Entering the soil seed bank will help them to persist in harsh desert climatic condition and it will also have an impact on mitigating the risk of species extinction under such a condition ([@b0235]).

Seeds of *C. virgata* that matured in summer season attained significantly higher germination percentage and germination speed (measure by 1/GMT) than those matured in winter season. This trend has been reported for *Portulaca oleracea* seeds in similar conditions ([@b0055]). We assumed that seed which matured at a higher temperature might contribute to form the soil seed bank since at that time high temperature that coincide with dry season and chances of their germination are less due to unavailability of rain during summer. However, higher dormancy of winter seeds as in *C. virgata* could be attributed to lower water availability because these seeds faced more severe temperatures during their formation and maturation which might hasten the natural dehydration process of seed by changing integument structure and enhancing its permeability ([@b0025]). Each species has a unique temperature requirement during germination. It has been shown that different grass species have different temperature requirement for seed germination ([@b0180], [@b0210]). Results indicate that seeds of all the studied species have ability to germinate in wide range of temperature. This adaptation might have ecological amplitude under such harsh desert condition and allow these species to germinate and develop into seedlings between November and February (winter) when the chances of rainfall are high. However, the optimum temperature required for seed germination varies from species to species. In the present study, *C. virgata* seeds germinated better at higher temperatures. However, *C. brevifolium* and *C. ciliaris* seeds germinated better at moderate temperatures indicating that these species required relatively a high temperature for germination. Similar results were obtained for many native desert grass species such as *C. ciliaris*, *C. setigerus*, *Lasiurus sindicus*, *Panicum turgidum* ([@b0070]). Further, *C. virgata* and *C. ciliaris* are C4, warm-season grass and, therefore they might require relatively warm temperature for germination as reported for other C4 grasses such as *Miscanthus sinensis* ([@b0140]) and *Bouteloua gracilis* ([@b0230]).
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